Abstract Identification of predictors of cardiovascular risk can help in the prevention of pathologic episodes and the management of patients at all stages of illness. Here, we investigated the relationships between serum levels of Hsp60 and dyslipidemia in patients with periodontitis by performing a cross-sectional study of 22 patients with mild periodontitis without any prior treatment for it (i.e., drug naïve) and 22 healthy controls, matched for age and body mass index (BMI). All subjects were evaluated for periodontal status, gingival inflammation, and oral hygiene. Levels of circulating Hsp60, C-reactive protein (CRP), and plasma lipids were measured, and small, dense low-density lipoproteins (LDL) were indirectly assessed by determining the triglycerides/high-density lipoproteins (HDL) cholesterol ratio. We also assessed by immunohistochemistry Hsp60 levels in oral mucosa of patients and controls. No difference was found in CRP levels or plasma lipids between the two groups, but subjects with periodontitis showed, in comparison to controls, higher levels of small, dense LDL (p 00.0355) and circulating Hsp60 concentrations (p<0.0001). However, levels of mucosal Hsp60 did not change significantly between groups. Correlation analysis revealed that circulating Hsp60 inversely correlated with HDL-cholesterol (r0−0.589, p00.0039), and positively with triglycerides (r0+0.877, p<0.0001), and small, dense LDL (r0+0.925, p<0.0001). Serum Hsp60 significantly correlated with the degree of periodontal disease (r0+0.403, p00.0434). In brief, untreated patients with mild periodontitis had increased small, dense LDL and serum Hsp60 concentrations, in comparison to age-and Manfredi Rizzo and Francesco Cappello contributed equally to the present work.
Introduction
Periodontitis is a chronic infectious disease commonly affecting adults, characterized by a progressive gingival inflammatory response to bacteria in dental plaques (Williams 1990) . Evidence suggests that the local inflammation-infection triggers a systemic host response that is paralleled by an increased risk for cardiovascular diseases (Scannapieco et al. 2003) . Periodontitis has also been associated with glucose intolerance , procoagulant condition (Taylor et al. 2006) , endothelial dysfunction (Tonetti et al. 2007) , and dyslipidemia and metabolic syndrome (D'Aiuto et al. 2008) . It has recently been suggested that the heat-shock protein (Hsp) 60 kDa (Hsp60) might be the link between periodontitis and atherosclerosis (Choi et al. 2011) . Hsps are produced in response to stress induced by a variety of stressors that disturb cellular homeostasis and, under physiological conditions, Hsps assist newly formed or partially denatured proteins to either fold correctly or refold, respectively (references in Macario and Conway de Macario 2005) . Although Hsps were first identified as intracellular proteins, further studies showed that they are actively secreted by cells reaching the bloodstream, by which they interact with the immune system (references in Pockley and Multhoff 2008; . It has been known for over 10 years that Hsp60 can be found in the peripheral circulation (Pockley et al. 1999 ), but only recently it has been shown that Hsp60 can be secreted, via various pathways, from normal and tumor human cells (Gupta and Knowlton 2007; Merendino et al. 2010; reviewed in De Maio 2011) .
Data from various reports show an elevated humoral immune response to Hsp60 (both human and bacterial) in patients with periodontitis (Tabeta et al. 2000; Yamazaki et al. 2002; Yamazaki et al. 2004; Choi et al. 2004; Buhlin et al. 2009 ). This supports the view that molecular mimicry between bacterial and human Hsp60 may play a role in immune mechanisms triggered by antigenic cross-reaction (Cappello et al. 2009; Linhares and Witkin 2010) . Hsp60 has been detected on the membrane surface of stressed human endothelial cells, in which it may become an autoantigen for anti-Hsp60 antibodies (Pfister et al. 2005) , in agreement with recent work suggesting that Hsp60 is associated with atherosclerosis development and progression (Pockley et al. 2000; Knoflach et al. 2005; Zhang et al. 2008; Novo et al. 2011) .
Along these lines, we investigated relationships between levels of circulating human Hsp60 and risk factors for cardiovascular diseases, particularly atherogenic dyslipidemia, in patients with periodontitis. We studied subjects with mild periodontitis but without any prior treatment for it (i.e., drug naïve), compared to healthy controls matched for age and body mass index (BMI). Although finding parallelism between certain clinical and pathological observations does not establish cause-effect relationships, it provides indicators with potential diagnostic and prognostic usefulness. For example, levels of Hsp60 in tissues and in circulation have been found elevated or decreased in relation to pathologic parameters, and the consistency of the findings encourages the measurement of the chaperone with diagnostic purposes and to assess prognosis and response to treatment. The main goal of the work presented here was to determine if the serum levels of Hsp60 paralleled dyslipidemia in subjects with periodontal inflammation-infection and could serve as another indicator of risk for cardiovascular disease.
Materials and methods

Subjects and study protocol
Twenty-two patients with untreated mild periodontitis were studied. The patients were admitted consecutively in the Periodontology Department, University of Granada, Spain. At admission all subjects underwent a medical examination, including a blood test, and also answered a questionnaire on personal and medical items, including age, past medical history, and use of medications. The adopted procedures were in agreement with the Helsinki Declaration of 1975, as revised in 1983. The study was approved by the Ethics Committee of the University of Granada, Spain, and each subject gave written informed consent to participate in this study. Inclusion criteria were adult age, presence of periodontal disease as diagnosed according to the criteria of Arbes et al. (1999) , presence of at least five teeth in the mouth, and consent to participate in the study. Exclusion criteria were: previous cardiovascular disease; occurrence of any inflammatory condition other than periodontitis; presence of renal, hepatic, or thyroid disease; use of beta blockers, hypolipidemia-inducing drugs, or any other modifier of plasma lipids and lipoproteins.
Twenty-two healthy subjects matched for age and BMI were included as controls, with the same exclusion criteria as described above, who were co-workers or family co-workers. Height and weight were recorded and BMI was calculated as kg⁄m 2 . The cardiovascular risk factors taken into consideration were: hypertension (systolic or diastolic blood pressure, respectively, ≥140 or ≥90 mmHg or previous pharmacological therapy with antihypertensive drugs), diabetes (fasting glucose plasma concentrations higher than 126 mg⁄dl or previous pharmacological therapy with antidiabetic drugs or insulin), and smoking addiction.
Periodontal examination
The oral examination was performed by a single dentist (RM) at the Periodontology Department of the University of Granada, Spain. The diagnosis of periodontitis was compared with that of another dentist (FM) in 13 patients, obtaining intraclass correlation coefficients (for gingival recession and pocket depth) above 0.71, which is considered substantial according to the scale of Landis and Koch (1977) . The loss of periodontal attachment was measured using the PCPUNC-15 periodontal probe (Hu-Friedy, Leimen, Germany) and a number 5 non-magnifying oral mirror (SE plus) by adding the pocket depths and gingival recessions (in millimeters). Six sites per tooth (mesiobuccal, buccal, distobuccal, mesiolingual, lingual, and distolingual) were examined for all the teeth present in the oral cavity. The degree of periodontal disease was defined, as we previously reported (Cueto et al. 2005) , by the percentage of sites with loss of attachment ≥3 mm as follows: 0% 0 absent, 0-32% 0 mild, 33-66% 0 moderate, and 67-100% 0 severe, according to the criteria of Arbes et al. (1999) . The gingival bleeding index of Ainamo and Bay (1975) and the plaque index of O' Leary et al. (1972) were also determined in order to assess the degree of gingival inflammation and oral hygiene, respectively. All patients had mild periodontitis.
Laboratory analyses
Whole blood was collected from each subject, after 12-14-h overnight fast, in sodium-EDTA tubes and stored at −80°C until analysis. Total cholesterol, triglycerides, and high-density lipoproteins (HDL)-cholesterol were quantified by standard enzymatic-colorimetric methods (Allain et al. 1974; Nagele et al. 1984; Warnick et al. 1985) . Low-density lipoproteins (LDL)-cholesterol was calculated using the Friedewald formula. Non-HDL-cholesterol was calculated as total cholesterol minus HDL-cholesterol. The triglycerides/ HDL-cholesterol ratio was calculated as an indirect measure of small, dense LDL particles (Décary et al. 2010 ). C-reactive protein (CRP) was determined by the nephelometric method (Montagne et al. 1992 ).
Hsp60 determination in patients' sera by ELISA A blood sample from each subject was allowed to clot at room temperature for 30 minutes. After a centrifugation at 2,700×g for 10 min, sera were collected, aliquoted and stored at −20°C until use. The levels of human circulating Hsp60 in sera were determined by Hsp60 (human) enzyme immunoassay (EIA) quantitative sandwich immunoassay (ADI EKS 600 ELISA kit, Stressgen). A mouse monoclonal antibody specific for Hsp60 is pre-coated on the wells of the Hsp60 Immunoassay Plate. All reagents were brought to 24°C and the Hsp60 standard was diluted in sample diluent to generate a standard curve with six points, ranging from 3.125 to 100 ng/mL. Sample diluent alone was used as 0 (zero) standard. To start, 100 μL of prepared standards and serum (no diluted) was added in duplicate to wells and incubated at 24°C for 1 h. After washing six times with 1× Wash Buffer, 100 μL of diluted anti-Hsp60 goat polyclonal antibody was added to each well and incubated at 24°C for 1 h. Then, 100 μL of diluted horse radish peroxidase-conjugate anti-goat IgG was added to the plate and incubated at 24°C for 30 min. After washing, 100 μL of 3,3′,5,5′-tetramethylbenzidine substrate was added and incubated for 15 min in the dark. Finally, 100 μL of Stop Solution was added and absorbance was measured at 450 nm in a microplate photometric reader (DV990BV4, GDV, Milan, Italy). Sample concentration was calculated by interpolating the sample concentrations in the standard curve. The sensitivity of the Hsp60 (human), EIA was determined to be 3.125 ng/mL. The intra-assay coefficient of variation of Hsp60 (human) EIA was determined to be <10% and the inter-assay coefficient of variation was determined to also be <10%. Hsp60 (human). EIA is specific for Hsp60 and the Hsp60 ELISA has been certified for the detection of human Hsp60.
Tissue collection and processing
We collected, from the files of the Department of Periodontology, Oral Surgery and Pathology, University of Granada, Granada, Spain, formalin-fixed/paraffin-embedded blocks of samples of periodontal mucosa randomly from 20 patients with mild periodontitis and 20 subjects with normal oral mucosa. Immunostaining by avidin-biotin complex method (LSAB2, DAKO, Carpinteria, CA, USA) was performed on 4-5-μm sections from each case using primary antibodies against Hsp60 (monoclonal mouse, 1:300, Sigma, Italy, cat. no. H4149). Appropriate positive controls, as well as non-immune serum for negative controls, were run concurrently. Nuclear counterstaining was done using hematoxylin (DAKO). Three independent observers (FC, FR, and GB) examined the codemarked specimens in blind mode, and performed a semiquantitative analysis to evaluate the percentage of epithelial and stromal cells positive for Hsp60. All the observations were made at a magnification of ×400 and the means of triplicate counts were used for statistical analyses.
Statistical analyses
Statistical analyses were performed using Statview® 5.0 (SAS Institute Inc., Cary, NC, USA). Univariate analyses were performed using the non-parametric Mann-Whitney test for numeric variables, while the differences in the prevalence for nominal variables were analyzed by the McNemar test. Correlation analyses were performed using the Spearman rank correlation method.
Results
Clinical and laboratory characteristics of patients and controls are displayed in Table 1 . No difference was found in the prevalence of main risk factors for cardiovascular pathology, such as hypertension, diabetes, and smoking addiction between patients and controls. Patients had a clear evidence of periodontal pathology compared to controls (as measured by the Arbes index, p<0.0001) and gingival inflammation (as measured by the gingival bleeding index, p00.0007), while no difference was found between the two groups in oral hygiene (as measured by the plaque index). CRP levels were higher in patients than in controls but the difference did not reach statistical significance. Similar concentrations in plasma lipids were found in all investigated parameters in patients and controls, with the only exception that patients had higher levels of small, dense LDL (p00.0355). Serum Hsp60 concentrations were considerably higher in patients than in controls (p<0.0001).
Spearman correlation analysis in patients with periodontitis showed that BMI was significantly correlated with all lipid parameters (Table 2) and with CRP (all p <0.05). Periodontal pathology positively correlated with levels of total, LDL, and non-HDL-cholesterol, (all p<0.05), and correlated inversely with HDL-cholesterol concentrations (p<0.05). Serum Hsp60 levels inversely correlated with HDL-cholesterol concentrations (p00.0039), and correlated positively with levels of triglycerides (p<0.0001); this positive correlation of serum Hsp60 levels was even more evident with levels of small, dense LDL (r0+.925, p<0.0001, Fig. 1 ). We have further analysed the data shown in the lower panel of Fig. 1 , excluding the data pertaining to the individual exhibiting high Hsp60 and small, dense LDL values; interestingly, we still found a significant correlation (p<0.05, data not shown). Circulating Hsp60 levels also significantly correlated with the degree of periodontal disease (p00.0434). Spearman correlation analysis in the group of controls did not reveal significant correlations (data not shown).
Our immunohistochemical analyses of oral mucosa to determine tissue levels of Hsp60 in patients with mild periodontitis and matched controls did not reveal significant differences between the two groups (Fig. 2) . The levels of Hsp60 were higher in epithelium than in lamina propria. Likewise, Hsp60 levels tended to be higher (although not statistically significant, p>0.05) in the periodontal mucosa of healthy controls than in that of patients with periodontitis.
Discussion
Dyslipidemia is common in subjects with periodontitis and may be manifested as increased plasma LDL-cholesterol and triglyceride levels as well as reduced HDL-cholesterol concentrations (Cutler and Iacopino 2003) . However, the exact type and extent of atherogenic dyslipidemia in periodontitis is still largely unknown and probably involves alterations in lipoproteins, beyond those in plasma lipids (Rufail et al 2005) . In the present study, small alterations in all plasma lipid parameters were found but they did not reach statistical significance. In contrast, a significant difference was observed in the triglycerides/HDL-cholesterol ratio, which is widely used as an indirect measure of small, dense LDL (Décary et al. 2010 ). The quality, and not only the quantity, of LDL seem to be associated with risk for cardiovascular disease (Wierzbicki 2007) . LDL comprises multiple distinct subclasses that differ in size, density, chemical composition, metabolic functions, and atherogenicity (Rizzo and Berneis 2006) . LDL particles are an important predictor of cardiovascular pathological events and progression of coronary artery disease, and the predominance of small, dense LDL has been accepted as an emerging risk factor for cardiovascular pathology by the National Cholesterol Education Program Adult Treatment Panel III. In addition, it has been shown in recent years that there is a linear correlation between the concentration of small, dense LDL particles and the risk for the development of cardiovascular pathology (Gardner et al. 1996; St Pierre et al. 2005) . Therefore, screening for the presence of small, dense LDL may potentially identify subjects with higher risk for cardiovascular disease and help in establishing prevention strategies. Patients with periodontitis have a higher risk for cardiovascular pathology than the general population (Scannapieco et al. 2003) and also have lipid and lipoproteins alterations (Cutler and Iacopino 2003; Rufail et al. 2005) . In the present study, patients with mild periodontitis did not show alterations of statistical significance in plasma lipids, including LDL-cholesterol but, interestingly, our patients did show increased levels of small, dense LDL. In brief, our patients had no quantitative abnormality in the overall levels of plasma lipids but did show qualitative modifications, manifested as increased levels of small, dense LDL. These findings are consistent with previous reports, showing elevated levels of pro-atherogenic lipoproteins in periodontitis (Rufail et al. 2005; Kallio et al. 2008; Bengtsson et al. 2008) . Our findings extend those previous observations to a population of patients with periodontitis free of treatment prior and during the study, namely patients that had not been modified by medication. It has been hypothesized that oxidative stress may be the link between atherosclerosis and periodontal infection (Bullon et al. 2009 ); this view implies that oxidative modifications of LDL represent an early stage of atherosclerosis, and small, dense LDL are more susceptible to oxidation than larger, more buoyant subspecies (Tribble et al. 2001) . Recent evidence further suggests that oxidative stress and atherogenic dyslipidemia have a synergistic impact on atherosclerosis and cardiovascular diseases (reviewed in Rizzo et al. 2009) .
We found that patients with periodontitis had higher concentrations of circulating Hsp60 than controls. This result contrasts with that of previous works in which no difference was found in the levels of circulating Hsp60 between patients with periodontitis and controls (Buhlin et al. 2003; ShamaeiTousi et al. 2007) . However, periodontitis patients had higher intermediate levels of Hsp60 (Shamaei-Tousi et al. 2007) . It has to be emphasized that the methods used to measure circulating Hsp60 in the two previous works just cited and by us were not the same, which makes comparisons between these studies if not impossible, at least of limited value. Another difference between the aforementioned studies and ours that impedes comparisons stems from the selection of periodontitis cases examined, since our study is the only one to focus on mild periodontitis.
Our immunohistochemical analysis not only aimed at assessing levels of Hsp60 in the periodontal mucosa of patients in comparison to that of the controls but also at obtaining clues about the origins of the circulating chaperonin. Do pathological tissues produce elevated quantities of Hsp60 in response to stressors, e.g., reactive oxygen species or bacterial products, and the excess intracellular chaperonin is secreted out of the cells and reaches the circulating blood? The answer to this question seems to be negative, at least in what pertains to the pathological periodontal tissue we examined, since no difference was found in the levels of Hsp60 between the mucosa of patients and that of controls. Thus, the increased quantities of circulating Hsp60 we detected in patients with mild periodontitis must originate not in the pathological periodontal mucosa but somewhere else.
We extended the previous observations mentioned earlier by assessing the relationships between circulating Hsp60 levels and risk factors for cardiovascular disease, particularly atherogenic dyslipidemia. We found very strong correlations between Hsp60 and small, dense LDL and periodontal pathology. However, the parallelism between levels of Hsp60, small dense LDL, and periodontitis does not provide evidence for cause-effect relationships between the parameters investigated. Could it be that extracellular Hsp60 is involved in a cross talk between lipoproteins and immune cells? Some recent reports would tend to favour this view, for example: (a) the lectin-like oxidized low-density lipoprotein receptor-1 of macrophages was suggested to be a specific receptor for Hsp60 that binds the chaperonin via its C terminus (Xie et al. 2010) ; (b) immunization with a combination of Hsp60 and apolipoprotein-B peptide antigen significantly reduced early atherosclerotic lesions in a mouse model (Lu et al. 2010) ; (c) it has been postulated that cariogenic and periodontal pathogens can accelerate atherosclerosis in spontaneously hyperlipidemic mice by initiating inflammation (Zhang et al. 2010) ; and (d) Hsp60 was found to regulate some functions of oxidized LDL such as modulation of F-actin capping proteins involved in actin polymerization and macrophage motility (Dupont et al. 2008) . These reports tend to coincide with our observations in as much as that circulating Hsp60 could play a role in chronic inflammation and could become target for therapeutic measures aiming at reducing the risk of atherogenic dyslipidemia and its complications. In this regard, our work shows that measuring the two blood parameters, i.e., Hsp60 and small dense LDL, along with periodontitis, is a promising strategy to predict risk for cardiovascular pathology. The data encourage further research on the possible role of Hsp60 and of small, dense LDL in the pathogenesis of cardiovascular disease. The data also imply that treatment of periodontitis (and by extension other mouth and throat infections) may have beneficial effects in what regards development of cardiovascular pathology.
Finally, although CRP levels were elevated in the patients group, they remained well below the levels that are considered to be indicators of a risk of cardiovascular disease. Also, we did not found any significant correlation between CRP levels and periodontal pathology, plaque index, or gingival bleeding index, suggesting a limited value of CRP levels in the prediction of periodontitis in our patients. No significant correlation was found between CRP and Hsp60 levels, either. In conclusion, we found that patients with mild periodontitis undisturbed by any previous medication show increased small, dense LDL and circulating Hsp60 concentrations as compared to matched controls. Correlation analysis revealed a very strong relationship between these two parameters, which were associated with periodontal pathology. Thus, our study opens the road for further investigation on the value of elevated levels of circulating Hsp60 as predictor of risk for cardiovascular disease when associated with dyslipidemia in periodontitis patients.
